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As part of our basic legislative responsibilities, we reviewed the costs and current status of the
Department of Energy’s (DOE) program for cleaning up uranium mill tailings, conducted under
the authority of the Uranium Mill Tailings Radiation Control Act of 1978 (P.L. 95-604). Although
the act directed that the cleanup be completed by March 1990, the Congress subsequently
extended this deadline twice. Because the current legislative authority expires on

September 30, 1996, we are providing this report in anticipation of congressional deliberations
on reauthorizing this program. The act made DOE the primary federal agency for managing the
program and assigned regulatory responsibilities to the Environmental Protection Agency and
Nuclear Regulatory Commission.

This report contains matters for consideration by the Congress concerning DOE’s authority
under the program. It also contains a recommendation to the Nuclear Regulatory Commission
aimed at improving the accuracy of the one-time charge made to owner/operators to ensure that
this charge fully covers future costs at their sites.

Please call me on (202) 512-3841 if you or your staff have any questions. Major contributors to
this report are listed in appendix I.

Sincerely yours,

Victor S. Rezendes
Director, Energy and
Science Issues
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Executive Summary

Purpose

Background

Decades of processing uranium ore for use in the government’s nuclear
weapons and energy programs resulted in the accumulation of radioactive
wastes at about 50 ore processing sites and about 5,000 nearby properties
in various states and on some Indian tribal lands. When the government’s
need for uranium for defense purposes dwindled in the late 1960s, many of
the processing operations ceased, and huge piles of contaminated mill
tailings (a sand-like by-product of ore processing) were left in place and
spread to nearby properties, posing potential health risks. Accordingly, the
Congress enacted the Uranium Mill Tailings Radiation Control Act of 1978,
which authorized the Department of Energy (DOE) to clean up
contamination at the processing sites. In 1979, DOE developed its Uranium
Mill Tailings Remedial Action project. This project has two key
components: cleanup of the surface and cleanup of the groundwater.

Because DOE’s authority for the surface cleanup will expire at the end of
fiscal year 1996, GAo is providing the Congress with information on (1) the
status and cost of DOE’s surface and groundwater cleanups and (2) factors
that could affect the federal government’s costs and liabilities in the
future.

The Uranium Mill Tailings Radiation Control Act of 1978 authorized the
cleanup of the nation’s uranium ore processing sites. Title I of the act
governs the cleanup of sites that were already inactive at the time the
legislation was enacted (referred to in this report as Title I sites); title II
covers the cleanup of sites that were still active at that time (referred to as
Title II sites). Under the act, DOE is to clean up the Title I sites and nearby
properties affected by the contamination, mostly at its expense, but the
affected states are to contribute 10 percent of the actual cost of the
remedial actions. The Title II sites are to be cleaned up mostly at the
expense of the private companies that own and operate them and then
turn them over to the federal government or states for long-term custody.
Before a Title II site is turned over to federal or state custody, the Nuclear
Regulatory Commission (NRC) is responsible for entering into financial
arrangements with the owners/operators that provide sufficient funds to
cover the costs of necessary long-term monitoring and maintenance at the
sites.

After studying the 24 Title I sites that required cleanup, DOE established
priorities—high, medium, and low—for cleaning up the sites, based on the
severity of their potential risk to public health. DOE used these priorities to
help determine the order in which cleanup would begin at the sites.
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Results in Brief

Executive Summary

DOE anticipates completing the cleanup of both surface and groundwater
contamination from uranium mill tailings by about 2014 at a cost of over
$2.4 billion.! At DOE’s 24 Title I sites, surface cleanup is complete at 15
sites, is under way at another 7, and has not yet started at the remaining 2.
Approximately 5,000 nearby properties, including homes, schools, and
businesses, have also been cleaned up. The cost of the surface cleanup to
date totals about $2 billion. The Department anticipates that, if provided a
2-year extension of its authority for the surface cleanup, it can complete
its responsibilities in 1998 at an additional cost of about $300 million. DOE
is currently seeking reauthorization of its surface cleanup program
through fiscal year 1998. Because the Department initially focused on the
surface cleanup and because of a delay in the issuance of EPA’s final
groundwater standards, DOE postponed the start of its groundwater
cleanup until 1991. Since then, the Department has primarily studied the
sites and developed groundwater cleanup strategies. It has not reached
agreement with the affected states and tribes on the cleanup strategies to
be used or reaffirmed the states’ financial support for the project.
However, on the basis of its proposed “least-cost” strategies, DOE estimates
that its efforts to clean up the groundwater will cost at least another

$147 million.

Various factors could affect the future federal costs and ultimate
completion dates of both the surface and groundwater cleanups. Among
these factors are whether (1) DOE will keep open a portion of one disposal
site to dispose of tailings unearthed during future work on roads and
utilities and (2) the affected states will provide their 10-percent share of
the groundwater cleanup expenses. Depending on their outcome, these
factors could add millions of dollars and years of work to the cleanup
effort. Furthermore, the assumptions that underlie NRC’s minimum charge
to the owners/operators of the Title II sites for long-term surveillance has
not been reviewed and updated to reflect the current cost of basic
surveillance and does not include the cost of the routine, ongoing
maintenance that may be needed at each site.

LAll dollars are present-value 1995 dollars, unless otherwise noted.
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Executive Summary

GAQO’s Analysis

Status and Cost of Surface
and Groundwater
Cleanups

After several schedule extensions and increases in the project’s costs, DOE
currently plans to complete its surface cleanup responsibilities in 1998, at
a total cost of about $2.3 billion. For the most part, DOE has completed the
surface cleanup at those sites that posed the greatest potential health risk
to the public (e.g., sites located near major population centers). At most of
the other sites, DOE’s cleanup efforts are well under way.

In January 1995, DOE estimated that the total cost of the surface cleanup at
the Title I sites will be about $2.3 billion, or $621 million more than it
estimated for cleanup in 1982. The increase in the cost of the surface
cleanup was caused by unexpected growth in the project’s size and
complexity. According to DOE officials, this growth came through several
avenues. For example, changes in federal requirements resulted in
additional work and costs for DOE. To comply with new groundwater
standards, in particular, DOE had to change the location and design of
many waste disposal cells (containment areas where the tailings are
enclosed and stored). Furthermore, as its cleanup work progressed, DOE
identified more contamination than its original surveys had
projected—more in terms of both the quantity of tailings and the number
of nearby properties that needed to be cleaned up.

DOE’s groundwater cleanup work began in 1991, and by June 1995 the
Department had spent about $16.7 million on planning and developing its
strategies for the cleanup. DOE’s next step is to consider the views of the
affected states and Indian tribes and select the final methods that will be
used to clean up the groundwater at each site. If the least-cost strategies
that DOE has proposed are adopted, the Department anticipates completing
its groundwater cleanup in about 2014, at a minimum cost of about

$147 million.

Factors That May Affect
Project’s Future Costs

Various factors may affect the project’s future costs. For example, one
factor that could affect these costs is how the project resolves the issue of
what to do with the mill tailings in Grand Junction, Colorado, which are
now buried under streets and utility corridors, but which may be
unearthed during future excavations for repairs. One possible solution is
to keep a portion of the Grand Junction site’s disposal cell open to deposit
any tailings that are unearthed during such repairs. However, according to
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Executive Summary

DOE, it would need legislative authority to keep a portion of the cell open
after its authority for the surface cleanup has expired. Furthermore,
keeping a portion of the cell open could result in additional costs of
several hundred thousand dollars annually over the next 20 years.

Regarding groundwater cleanup, DOE does not know whether the states
will be willing and able to provide their 10-percent share of the cost of the
remedial actions. One state has already voiced concern that its legislators
may not provide funding for the groundwater cleanup. If the states do not
provide their share of these costs, DOE believes it does not have the
congressional authority to proceed with the cleanup.

Finally, NRC’s minimum charge for long-term surveillance is based on the
assumption that the annual cost of surveillance will be $5,300 per site (in
1995 dollars). NRC’s charge has not been revised and updated since the
basis for the charge was developed in 1980. DOE estimates that the current
cost of annual surveillance is $16,000 per site (in 1995 dollars). In addition,
DOE estimates that the cost of annual maintenance at each site will be
about $5,000 (in 1995 dollars), but NRC’s minimum charge was based on the
assumption that ongoing maintenance would not be required.

Matters for
Congressional
Consideration

GAO is raising matters for the Congress’s consideration concerning (1) the
Department of Energy’s lack of authority to keep open a portion of the
Colorado disposal cell and (2) whether and under what circumstances the
Department can complete the cleanups when the states do not contribute
their share of the cleanup costs. The complete text of these matters for
congressional consideration is found in chapter 3.

Recommendation

To provide a realistic indication of the future costs of long-term
monitoring and maintenance, GAO recommends that the Commissioners of
the Nuclear Regulatory Commission direct its staff to consult with the
Department of Energy to develop an accurate estimate of these costs and
what they entail, and use that information to (1) update the minimum
one-time charge for basic surveillance and (2) determine whether routine
maintenance will be required at each site, and, if so, incorporate the cost
for such maintenance into the minimum charge.

Agency Comments

GAO provided copies of a draft of this report to the Department of Energy,
Environmental Protection Agency, and Nuclear Regulatory Commission
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Executive Summary

for their review and comment. Officials from all three agencies expressed
general agreement with the report’s findings.

GAO met with officials of the Department of Energy, including the Office
Director, Office of Southwestern Area Programs, who generally agreed
with the report’s findings and provided technical clarifications that have
been incorporated into the report where appropriate. The Environmental
Protection Agency’s Deputy Director, Federal Guidance, from the Office of
Radiation and Indoor Air, also generally agreed with the report’s findings
and provided technical clarifications that have been incorporated where
appropriate.

GAO met with officials of the Nuclear Regulatory Commission, including
the Chief of the High-Level Waste and Uranium Recovery Projects Branch,
who generally agreed with the report’s findings. However, in commenting
on the report’s recommendations, these officials said that they are not
certain that the assumptions NRC used to estimate the one-time charge for
basic surveillance are invalid; however, they are reexamining the issue.
These officials fully agreed with the report’s recommendation to
determine if routine maintenance will be required at each site and
incorporate any resulting costs into the one-time charge. According to
these officials, they have taken a number of steps, described in chapter 3,
to ensure that this recommendation will be successfully implemented.
Technical clarifications provided by these officials have also been
incorporated into the report where appropriate.
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Chapter 1

Introduction

At over 50 sites, mostly in the southwestern United States, widespread
contamination of both land and groundwater resulted from uranium ore
processing operations that took place from the early 1940s throughout the
1960s. During that period, most of the nation’s uranium mining and milling
(ore processing) activities were conducted by private companies for the
Atomic Energy Commission (the Department of Energy’s predecessor).
Uranium ore was crushed and processed for use in developing weapons
and in the emerging nuclear energy industry. But for every ounce of
uranium that was extracted from ore, 99 ounces of waste were produced
in the form of mill tailings—a finely ground, sand-like material. By the time
the government’s need for uranium peaked, tons of mill tailings had been
produced at the processing sites. After fulfilling their government
contracts, many companies closed down their uranium mills and left large
piles of tailings at the mill sites.

The abandoned piles of uranium mill tailings contain radioactive wastes
and other hazardous materials that had been used in the uranium
extraction process. Despite the potential health risks, some mill operators
left the piles of tailings uncovered and exposed to the elements. As a
result, the tailings were spread—by wind, water, and human
intervention—thus contaminating properties beyond the mill. In some
communities, citizens used the tailings as building materials for homes,
schools, office buildings, and roads because the health risks were not
commonly known. Disposal of the tailings and the contaminated liquids
from uranium processing resulted in contamination of the groundwater. In
addition, because the piles of tailings were exposed to weather, in some
cases the leaching effects of rain and snowmelt also contaminated the
groundwater. Figure 1.1 shows how groundwater becomes contaminated.
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Figure 1.1: Uranium Processing Cycle Showing Impact on Groundwater
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By the late 1960s, radiological research had determined that the
abandoned mill sites posed a potential hazard to public health. Exposure
to radioactive substances may cause cancer and other diseases, as well as
genetic damage. The most hazardous constituent of uranium mill tailings is
radium, which is radioactive. Radium produces radon, a radioactive gas
whose decay products can cause lung cancer. In effect, the amount of
radon released from a pile of tailings remains constant for about 80,000
years. Tailings also emit gamma radiation, which can increase the
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Uranium Mill Tailings
Radiation Control Act

of 1978 Required
Cleanup of Tailings

incidence of cancer and genetic risks. Other potentially hazardous
substances in tailings include arsenic, molybdenum, and selenium. The
concentrations of these materials found in the tailings vary by site, ranging
from 2 to more than 100 times the amounts naturally existing in soil.
Concerns about the potential long-term adverse health effects of exposure
to uranium mill tailings led to engineering and radiological studies that
identified many abandoned uranium mill sites and nearby properties in
need of cleanup.

In November 1978, to provide a comprehensive regulatory scheme for the
safe disposal of uranium mill tailings, the Congress passed the Uranium
Mill Tailings Radiation Control Act of 1978 (P. L. 95-604). Title I of the act
governed the cleanup of mill sites that were already inactive when the
legislation was passed, referred to in this report as Title I sites; Title II
governed the control and cleanup of milling operations that were still
active at that time, referred to in this report as Title II sites. The act made
DOE primarily responsible for the cleanup of the Title I sites and the
operators/owners of the Title II sites responsible for cleaning up their own
sites.

The act assigned responsibilities to three agencies: the Environmental
Protection Agency (EPA), the Department of Energy (DOE), and the Nuclear
Regulatory Commission (NRC). EPA was directed to establish standards for
the cleanup and disposal of contaminated material from both inactive and
active uranium processing sites. Under the act, as amended, EPA was to
consider factors such as the risk to public health, safety, and the
environment, and the environmental and economic costs of applying its
standards. In January 1983, EpA issued standards for remedial actions at
the Title I sites. Later that same year, EpA issued standards governing the
Title II sites. These standards, except those concerning groundwater, were
essentially identical to those adopted for the Title I sites.! In part, these
standards limit the release of radon gas into the environment and require
that the disposal method be designed to control radiological hazards “for
up to one thousand years, to the extent reasonably achievable, and in any
case, for at least two hundred years.”

Under the act, DOE was required to clean up all the Title I sites to EPA’s
standards. The act created a plan of federal and state cooperation in which

Both sets of standards were challenged by several parties in the U.S. Circuit Court of Appeals for the
Tenth Circuit. The Court upheld all aspects of the standards except the groundwater standards for the
Title I sites. In 1987, EPA proposed new groundwater standards for these sites. Final groundwater
standards were not issued until January 1995.
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DOE Is Managing
Cleanup of Title I
Sites

the federal government, in conjunction with those states where the Title I
sites were located, would enter into cooperative agreements for cleaning
up the sites. The act directed DOE and the participating state, with the
concurrence of NRC, to jointly select the method and perform the cleanup.
The states are responsible for 10 percent of the actual cost of remedial
actions.

NRC, working with EPA, was required to establish regulations governing the
control and cleanup of the mill tailings and land at the Title II sites. These
sites, generally owned and operated by private companies, are licensed by
NRC or by the state in which they are located. NRC was to ensure that its
regulations conformed to EPA’s general standards and to implement and
enforce those standards. Generally, once these sites are cleaned up, they
will be turned over to DOE for long-term monitoring and maintenance.

NRC is also responsible for ensuring that before the federal government
takes custody of a Title II site,? it makes financial arrangements with the
owners/operators that are adequate to cover the costs for any necessary
long-term monitoring and maintenance. Such arrangements are to ensure
that the owners/operators, not the federal government, bear these costs.

Under title I of the act, in 1979 DOE established its Uranium Mill Tailings
Remedial Action project (UMTRA) to manage the cleanup and disposal of
the tailings at the 22 inactive mill sites designated in the act and at 2
additional sites located in North Dakota that DOE designated.® In managing
the cleanup of these 24 sites, DOE is responsible for all decisions about the
project, for reviewing and supervising work done by its contractors, and
for coordinating the cleanup with the affected states, Indian tribes, and
local governments.

For each of the sites, DOE assessed the potential health hazard to the
public from the tailings and, on the basis of this assessment, established a
cleanup priority for the site of either high, medium, or low. DOE used these
priorities to help determine the order in which the cleanup would begin at
the various sites. However, the priority ranking was not intended to

2State governments may elect to assume custody of the Title II sites. However, DOE does not expect
any states to assume this responsibility.

3Unlike most of the other Title I sites, the two North Dakota sites were not uranium mill processing
sites. Rather, both were sites at which uraniferous lignite (brown coal containing uranium) was burned
in the 1960s. Uranium-rich ash from the kiln process was loaded into rail cars at the sites and
transported to uranium mills in Colorado and New Mexico. Ash-contaminated soil remained at the
sites.
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prevent work from being initiated at the lower-priority sites before all the
work was completed at the higher-priority sites. Although the cleanup
priority was based on the risk to the public, all sites, regardless of this risk,
must be cleaned up to the same standards. Figure 1.2 shows the 24 Title I
sites, by priority.

Figure 1.2: Location and Ranking of Title | Sites
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DOE estimated that over 91 percent of the potential radiological health
risks occurred at the nine sites that it had designated as high priority. In
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turn, the six medium-priority sites represented about 8 percent of the
radiological health risks, and the nine low-priority sites posed less than

1 percent of the risks. DOE believed that the greatest health risks were at
the 5,000-plus properties in the vicinity of the sites—homes, schools, and
other buildings contaminated by tailings and referred to by DOE as “vicinity
properties”—because the likelihood of exposure to radon is greatest when
radon gas is concentrated in enclosed structures.

Two years after passing the Uranium Mill Tailings Radiation Control Act,
the Congress established a different method of setting the cleanup
priorities. Under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980, or Superfund, potentially
hazardous waste sites are screened to determine those whose
contamination and risk are serious enough to warrant their inclusion on
the National Priorities List. This list is composed of sites considered to
present the most serious threats to public health and the environment.
Once a site has been included on the list, however, its relative risk does
not routinely play a part in determining the site’s priority for cleanup.
Other factors, such as how long a site has been on the list, have influenced
the cleanup priority.*

Under UMTRA, DOE pays most of the costs of cleaning up the Title I sites,
and the owners/operators of the Title II sites generally pay completely for
the cleanup of their sites.” Under Superfund, hazardous waste generators
and transporters, as well as a site’s owners/operators, are potentially
responsible for either cleaning the site up or reimbursing the government
for its cleanup efforts.

Extent of Surface and
Groundwater
Contamination at Title I
Sites

The extent of surface and groundwater contamination varied greatly
among the 24 Title I sites. In the aggregate, about 3,900 acres of ground
were contaminated with uranium mill tailings and other contaminants,
ranging from 21 acres at the Spook, Wyoming, site to 612 acres at the
Ambrosia Lake, New Mexico, site (including areas contaminated by
windblown material). Furthermore, these 24 Title I sites contained about
39 million cubic yards of surface contaminants, ranging from 58,000 cubic
yards at the Belfield, North Dakota, site to over 5.7 million cubic yards at
the Falls City, Texas, site.

4Uranium mill tailings sites that are being cleaned up by DOE under Title I are exempt from Superfund.
5P.L. 102-486 requires DOE to reimburse these owners/operators for the cost of the remedial actions

attributable to mill tailings generated as in conjunction with sales to the United States. However, the
total reimbursement for all owners/operators has a maximum limit.
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The groundwater at many Title I sites is also contaminated with
radioactive and other elements, such as metals and nitrates. These
contaminants can pose risks to human health if the contaminated
groundwater is used for drinking water. Although the groundwater is not
currently serving as drinking water at any of the Title I sites, groundwater
constitutes an important source of drinking water in much of the arid
Southwest, where most of these sites are located. For example, according
to EPA, nearly half of the drinking water consumed in Arizona and New
Mexico and 20-30 percent of the water consumed in Utah, Colorado,
Idaho, and Texas is groundwater.

DOE estimates that approximately 4.7 billion gallons of groundwater at the
Title I sites is contaminated, but this estimate does not include all sites.®
Milling operations at the Mexican Hat, Utah, and Ambrosia Lake, New
Mexico, sites introduced contaminated water into geological formations
that did not previously contain water, but contamination of naturally
occurring groundwater has not been observed at these two sites. At 21 of
the other sites, however, seepage of contaminated water has affected
naturally occurring groundwater. At the site with the highest level of
groundwater contamination—Monument Valley, Arizona—an estimated
750 million gallons of groundwater were contaminated. The Lowman,
Idaho, site is the only UMTRA site where groundwater contamination is not
related to the mill processing operations. Furthermore, the groundwater
contamination at that site does not exceed EPA’s standards.

What Surface Cleanup
Entails

The cleanup of surface contamination consists of four key steps:

(1) identifying, or characterizing, the type and extent of contamination;

(2) selecting and acquiring a disposal site; (3) developing a remedial action
plan, which describes the proposed cleanup method and specifies the
requirements for the conceptual design and construction of the disposal
cell (a containment area where the tailings are enclosed and stored); and
(4) carrying out the selected remedial action. DOE and the affected states
work together to select the disposal sites, taking into consideration factors
such as the size and density of nearby populations and the existence of
flood plains. Thus, the uranium mill site and the disposal site are not
always the same. According to DOE, most of the off-site disposal sites are
on federally owned land. However, if the selected disposal site is privately
owned, the state in which the site is located acquires title to the land
(except for sites on Indian lands, which remain with the tribe).

5This estimate is not complete because DOE has found that the level of contamination at some sites is
difficult to quantify.
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Before acquiring a disposal site, DOE generally completes a site
characterization study. If disposal is to be on-site, this study identifies the
type and extent of contamination at the site, as well as the geological
structure and other features of the disposal site that may affect the
placement or design of the disposal cell.”

While the site characterization study proceeds, DOE concurrently conducts
the environmental assessments required by the National Environmental
Policy Act and prepares the remedial action plan. This plan describes the
proposed remedial action and lists the requirements for the design and
construction of the disposal cell. NRC must concur with the final remedial
action plan and with an